INTRODUCTION
There has been considerable interest in the possible intergenerational transmission of obesity risk. The potential for an intrauterine mechanism is of particular interest in the Indian context, where babies have been observed to have a high level of abdominal obesity despite smaller lean mass, and there are generally high levels of undernutrition in the adult, including prospective mother, population. 1 2 While empirically assessing intrauterine influences is fraught with challenges, 3 one useful method is to compare the extent to which the association of maternal and offspring adiposities and the association between paternal and offspring adiposities differ in their strength. [3] [4] [5] If there is an intrauterine influence of maternal adiposity, the maternaloffspring adiposity associations should be stronger than the equivalent paternal-offspring adiposity associations, as fathers do not experience pregnancy. In prior studies from high-income and middleincome countries, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] with adiposity measured using body mass index (BMI), no consistent evidence of stronger effects for mother-offspring than for father-offspring has been observed. This suggests that other factors (eg, genes, shared postnatal household environment, assortative mating) generate the intergenerational associations, rather than any specific influence of the maternal intrauterine environment. In India, it has been reported that parental height and parental BMI and the associations with offspring anthropometric failure are as strong for fathers as for mothers. 17 18 In this paper we examine the associations of parental adiposity with offspring adiposity in a large sample of parent-offspring trios in India.
METHODS Data
Data came from the 2005-2006 Indian National Family Health Survey. From this survey, we selected a sample of 16 528 mother-father-offspring trios for analysis. Additional details of the sampling plan, study population and sample derivation are available in online supplementary appendix A.
Outcomes
The primary outcome was child BMI*, or child's BMI redefined using the most efficient power term to be independent from height (also known as the Benn index and henceforth referred to as BMI). 19 20 Although BMI is a reasonable proxy for adiposity in children, 21 the correlation with body fat/adiposity may be improved through optimal scaling of the power term. 22 Child BMI was objectively measured (see online supplementary appendix A) and calculated as weight in kilograms (kg) divided by height in metres (m) (kg/m x ) with separate power terms (x) defined by child sex and age in 6-month intervals to minimise the correlation with child height, with values for x varying between 0.95 and 1.49. For instance, a child weighing 12.8 kg and 0.94 m tall would have a BMI of 14.5 kg/m 2 compared with a BMI* of 13.8 kg/m 2 using 1.2 as the power term. For standardised analyses, child BMI was converted to a z-score by sex and age using weekly age intervals until 6 months and monthly intervals until 59 months.
Exposures
Parental BMI was objectively measured and calculated using weight in kilograms (kg) divided by height in metres (m) to the power x (kg/m x ). We used a logarithmic approximation to find the power term with minimal correlation with height, 20 done separately for men and women at 5-year age intervals. Age standardised BMI z-scores were derived separately for mothers and fathers, with standardisation done using 1-year age intervals. 
Covariates
We included a number of child, parental (separately for mother and father), and household level socioeconomic covariates which may be associated with child and parental BMI. The sample frequency distribution, means and SDs of child, maternal and paternal BMIs across covariates are given in table 1.
Analysis
We fit linear and logistic regression models using different specifications to investigate the strength of association between parental BMI and offspring BMI (see online supplementary appendix B). Sensitivity analyses examined the potential role of non-paternity to generate greater associations between maternal BMI and offspring adiposity compared with paternal BMI 23 24 (see online supplementary appendix C). We also examined the difference between mother-daughter and father-son associations following suggestions that these sex-specific associations may be different. 25 
RESULTS
In this sample, mean maternal BMI was 19.8 kg/m x (SD, 3.4) and mean paternal BMI was 18.5 kg/m x (SD, 3.1). BMI was greater in women compared with men across all covariates, indicating higher levels of adiposity among women. Among children, mean BMI was 12.7 kg/m x (SD, 2.2). Unstandardised Pearson correlation coefficients were 0.30 (95% CI 0.29 to 0.32) between the BMI of the two parents, 0.13 (95% CI 0.11 to 0.14) between maternal BMI and offspring BMI, and 0.09 (95% CI 0.08 to 0.11) between paternal BMI and offspring BMI. Mean offspring BMI was higher in the top half of the distribution of maternal BMI compared with paternal BMI (figure 1).
In linear models of offspring BMI including the BMIs of both parents, higher maternal BMI and paternal BMI were associated with higher offspring BMI. In standardised, covariate adjusted regressions, the coefficient for maternal BMI was 0.131 (95% CI 0.108 to 0.154) (table 2). The coefficient for paternal BMI was 0.079 (95% CI 0.056 to 0.103). A statistical test for heterogeneity in these associations yielded a p value of 0.005. The associations using unstandardised values for BMI were generally smaller in magnitude. In the fully adjusted model using unstandardised values for BMI, the association between maternal BMI and offspring BMI was similar in magnitude to the paternal BMI-offspring BMI association and no statistical difference between parental effects was found ( p=0.09). In fully adjusted models with deciles of maternal and paternal BMIs fit as categorical variables, the point estimates were greater for maternal BMI compared with paternal BMI at the majority of categories although there was overlap in the CIs for most estimates. Analyses of deciles of maternal and paternal BMIs specified as continuous variables were similar to findings from the initial continuous model. When considered in tertiles or in WHO categories, parental BMI was similarly associated with child BMI with no differences between mother and father except in the highest tertile/overweight category of parental BMI. Among parents with higher BMI, there was some evidence of a stronger maternal Logistic models examining the odds of a child being in the highest deciles of BMIs for different specifications of maternal and paternal BMIs were generally consistent with findings from linear models (table 3) . There was overlap in the CIs around ORs for maternal BMI and paternal BMI for the majority of model specifications. Exceptions were continuous models of standardised values where the strength of association was greater for maternal BMI compared with paternal BMI using continuous values or deciles specified as continuous. For instance, the OR for a child being in the top decile of BMI was 1.35 (95% CI 1.26 to 1.44) for a 1-unit change in maternal BMI compared with an OR of 1.19 (95% CI 1.11 to 1.27) for a 1-unit change in paternal BMI with a p value of 0.014 for difference in the strength of these associations. The effect on a child being in the top decile of BMI was greater for mothers in the top tertile of BMI compared with fathers for standardised and unstandardised model specifications. This was not consistent for BMI categories based on WHO cut-offs.
In models adjusted for covariates, the maternal-offspring association was stronger compared with the paternal-offspring association for standardised BMI until a level of non-paternity greater than 8% (see online supplementary appendix D). For unstandardised values of BMI, the association between parents and offspring was similar and not quantitatively different at any levels of assumed non-paternity.
The effect of maternal BMI on offspring BMI was similar when comparing male and female offspring, with weak evidence that the effect of paternal BMI on offspring BMI was stronger among female offspring (table 4) . For instance, in standardised models, the association between maternal BMI and the BMI of male offspring was 0.128 (95% CI 0.097 to 0.159) compared with 0.134 (95% CI 0.102 to 0.165) for female offspring ( p value=0.78 for equality of maternal BMI coefficients); while the paternal effect appeared stronger among female offspring (0.106, 95% CI 0.071 to 0.142) compared with male offspring (0.057, 95% CI 0.027 to 0.087, p=0.03 for equality of paternal BMI coefficients). A similar difference was observed between offspring sex for paternal BMI using unstandardised values of BMI ( p=0.03 for equality of paternal BMI coefficients).
Among children whose birth weights were available (n=7352, 44%), and in models that included maternal and paternal BMIs, a 1 SD higher maternal BMI was associated with a child's birth weight being 50.1 g (95% CI 30.5 to 69.7) higher; paternal BMI was associated with a child's birth weight being 13.8 g (95% CI −6.2 to 33.8) higher, with evidence of a difference in these effects ( p=0.026).
DISCUSSION
This study has four salient findings. First, consistent differences in maternal and paternal effects were not found across a range of model specifications. In particular, models specified in unstandardised values of BMI indicated a similarity of maternal-offspring and paternal-offspring associations. In standardised models, the magnitude of the difference in effect size between maternal BMI and paternal BMI was reduced only after a rate of 8% non-paternity was assumed, higher than what would be considered plausible for India (rates of ∼2% have been reported for situations where paternity confidence is high). 26 27 Further, more than 99% of the children analysed in this study were living with the mother and the husband/father as reported by the mother. 28 Unstandardised regressions were robust to adjustment for non-paternity. Second, although there appears to be a stronger effect of maternal BMI at very high levels of BMI, this was again not consistent across all specifications. Third, while mother-offspring associations were similar across child sex, father-offspring associations appeared stronger among daughters compared with sons. Although a small UK-based study suggested stronger mother-daughter associations, 25 the magnitude of these associations was found to be implausible after analyses from a much larger birth cohort were reported. 29 The findings we report with weak statistical evidence for gender of offspring differences in associations, could Table 3 ORs from logistic regression models for offspring being in the top deciles of BMI z-scores and unstandardised values associated with age-standardised and unstandardised values of maternal and paternal BMIs, with p values for differences in maternal-offspring and paternal-offspring associations according to different model specifications simply reflect chance, and require replication. There could be context specificity in such associations, with differences between studies reflecting differences in parenting practices with respect to offspring of different sexes. Finally, our findings for birth weight, while exploratory, confirm a closer association between maternal BMI and offspring birth weight compared with paternal BMI, and lend plausibility to our use of the maternal/paternal comparative analytical approach as a method for understanding intrauterine influences on offspring BMI/adiposity post birth in this setting.
The following limitations need to be considered while interpreting the above findings. First, maternal, paternal and child anthropometries were assessed contemporaneously, although importantly all of the anthropometric measurements were obtained through objective measurement rather than by selfreports. 30 The assumption implicit in our analyses is that there is a strong correlation between the prepregnancy and postpregnancy weights of mothers. 11 31 Postpregnancy and postnatal influences (in particular shared between the mother and child) could have influenced the maternal-offspring correlations observed. In India and other low-income country settings birth spacing is typically shorter, and this combined with breast feeding may have considerable influence on maternal body weight. 32 Undernutrition in mothers (and hence small for gestational age babies 33 ) as a result of closely spaced pregnancies may contribute to a closer correlation between maternal BMI and offspring adiposity compared with paternal BMI, especially at birth and for offspring of younger ages. Alternatively, it is also plausible that increased breast feeding depletes the mother of energy reserves, 34 which would transfer to their child thus weakening the mother-offspring BMI association if the child were to gain weight at the expense of the mother. The second explanation may be relevant at lower levels of maternal BMI. Second, since birthweight data were only available in less than half of the sample, additional analyses involving birth weight were strongly reduced in power and not reported as primary findings although the inclusion of birth weight as a covariate in regression models did not substantively alter the findings. Third, although we could not directly quantify adiposity in children, BMI is considered a useful proxy. 21 35 36 By reducing correlation with height we were able to increase correlation with body fat, and similar techniques have been validated. 22 In addition, our measure of adiposity reliability discriminated higher levels of adiposity among women compared with men. 37 Different intrauterine responses to maternal undernutrition have been proposed. For example, it has been suggested that offspring with low birth weight and early life undernutrition may have greater risk of obesity, type-2 diabetes and cardiovascular disease in later life. 38 39 Supporting evidence comes from the Dutch famine studies, 40 41 although these findings were not consistent in demonstrating that prenatal exposure to famine was associated with higher body weight and BMI in men. The 'thrifty phenotype' hypothesis 42 suggests that in the presence of limited nutritional resources during critical developmental periods, the body prioritises certain body systems. 43 It has been suggested that in response to low nutrition in utero Indian babies may prioritise the accumulation of visceral fat. 1 44 Although, such metabolic changes detected at birth may be a direct result of the intrauterine environment, similar parent-offspring associations persisting into early childhood are likely reflective of genetic and/ or shared environmental factors between mothers, fathers and offspring in the 'extrauterine' environment (ie, prepregnancy and postpregnancy circumstances which may or may not be maternal-specific). 45 Our data suggest stronger maternal effects emerging in the higher-or, in the context of India, 'healthy'-BMI range where such women may have greater health and/or social resources available to invest in their children. 46 47 In conclusion, there has been considerable interest in the plausibility that intrauterine exposures, particularly through maternal nutrition, influence intergenerational transmission of obesity. 38 48-50 In the context of India, where about a quarter of women are underweight 51 and 46% of children under 5 years of age are stunted, 52 consideration of the intergenerational transmission of undernutrition 18 is also of importance. Our findings reveal that the shared genetic, social and extrauterine environmental influences appear to be more relevant to the intergenerational transfer of nutritional status than a specific intrauterine effect. This is supported by previous work in India which has demonstrated that maternal-offspring and paternal-offspring associations were very similar when considering child underweight and stunting. 17 The present findings indicate that although maternal adiposity/nutritional status may, at very high levels and to a small quantitative degree, be more closely related to offspring nutritional status, it is clear that genetic and shared environments influence associations between BMI between both parents and their offspring to a similar extent. A multifaceted approach to improving parental nutrition along with improvements to social and socioeconomic circumstances will be required to reduce the burden of poor childhood nutritional outcomes in India. The potential for a small extrauterine maternal effect, however, could in part be driven by greater involvement of mothers in child rearing and thus greater shared environment between mother and child. The use of additional methods for strengthening causal inference, such as Mendelian randomisation, 53 will be required to advance our understanding of a possible specific contribution of maternal adiposity to offspring adiposity. 4 Contributors GDS and SVS conceived and planned the study. LKA and DJC performed the data analyses. GDS wrote a first draft of the paper. DJC wrote a substantially revised version of the paper with critical revisions from GDS, SVS and LKA. All authors participated in writing and revising the manuscript and approved the final submitted version.
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